The multiaetiological determinants and correlates of interictal hypergraphia in patients with epilepsy were studied. A variety of neurological, psychosocial and demographic variables were examined in order to determine their relationship to experimental and clinically derived measures of hypergraphia in a sample of 50 patients with epilepsy. The results indicate that hypergraphia is of multifactorial origin in general, with especially strong relationships with measures of psychopathology. These results are related to the larger literature concerned with interictal behavioural change in patients with epilepsy.
Interest in the relationship between epilepsy and hypergraphia (defined as the tendency towards extensive and oftentimes compulsive writing), was initially stimulated by Waxman and Geschwindl -2 when they proposed the existence of an interictal syndrome of personality and behavioural change associated with temporal lobe epilepsy. This syndrome was hypothesised to be characterised primarily by alterations in sexual behaviour, increased religiosity, and hypergraphia. Since that publication, a significant research effort has been devoted to the topic of personality and behavioural change in epilepsy, particularly in temporal lobe (or complex partial) epilepsy.
Geschwind's colleagues subsequently elaborated upon the syndrome as a whole suggesting that it consisted of 18 personality and behaviour traits/ characteristics. 3 Further, specific neuropathogenic mechanisms were proposed,4-7 and a variety of empirical studies have been conducted which have attempted to document the existence of the syndrome, its relative specificity to temporal lobe epilepsy, and its underlying determinants (for example references 8 and 9) . Present address and address for reprint requests: Bruce P Herrnann, Ph.D., Regional Epilepsy Center, Baptist Memorial Hospital, 899 Madison Ave., Memphis, TN Accepted 29 August 1987 It should be noted that acceptance of the overall syndrome, its specificity to temporal lobe epilepsy, and agreement as to its possible precursors has met with considerable debate. Some investigators have questioned the specificity of the syndrome to temporal lobe epilepsy in particular and/or epilepsy in general.1 o-15 Others have raised the issue of whether the syndrome is largely secondary to significant psychopathology"2-15 and, finally, the possibility that other aetiologies (for example, social factors) may be involved has been raised. '4 In addition to research efforts devoted to the overall syndrome, there has been considerable interest in several individual traits which have been postulated to constitute part of the syndrome. One trait which has received a good deal of attention has been "hypergraphia." This investigation will centre on two major issues associated with hypergraphia. The first concerns the determinants and correlates of the phenomenon. It was argued by Geschwinds 6 that hypergraphia was largely independent of the patient's educational background and intellectual capacity.
Further, Geschwind did not believe that hypergraphia was secondary to the psychological stresses associated with epilepsy nor to the anticonvulsant medications'6 The primary determinant of the phenomenon was postulated to be the presence of an epileptiform spike focus in the temporal lobe/limbic region.4'5 Despite Geschwind's arguments and his attractive hypothesis, no empirical data have been 204 presented which comprehensively evaluate the relative importance of these potential aetiological variables. This is a major aim of the present investigation.
The second issue concerns the assessment and conceptualisation of hypergraphia. Determination of the presence of hypergraphia has rested largely upon relatively informal clinical interview and assessment procedures (for example references 1, 2 and 16). Operational definitions of hypergraphia have not been developed, making it difficult to compare studies. Mungas (personal communication) has recently developed a standardised interview procedure for the clinical assessment of hypergraphia and we will use this procedure in our attempts to identify the correlates of hypergraphia. Other recent investigations have assessed hypergraphia by obtaining patient responses (in writing) to open-ended stimulus questions and have used more specific indices of hypergraphia like response rate and number of words per response. '7 18 At present the relationship between clinical and experimental determinations of hypergraphia is unknown. Further, whether the aetiological variables underlying hypergraphia vary as a function of the method of assessment remains to be determined. Therefore, the purpose of this study is:
(1) to investigate systematically the neurological, psychosocial and demographic correlates of hypergraphia, and (2) to contrast clinical and experimental measures of hypergraphia in order to compare the results that are obtained using these different assessment techniques.
Method

Subjects
The subjects were referrals to the Baptist Memorial Hospital/University of Tennessee Regional Epilepsy Center. Patients were evaluated for assessment of suitability for focal resection of their epileptogenic lesion, for further diagnostic evaluation because of an unacceptable degree of seizure control, or for reasons concerning differential diagnosis.
In all patients localisation of the primary epileptogenic lesion was attempted. Patients were evaluated via continuous (24-hour) closed circuit TV-EEG monitoring with scalp and or scalp and sphenoidal or nasopharyngeal electrodes. Monitoring was typically carried out until spontaneous seizures were recorded (82% of the final sample). In 16 patients further monitoring with subdural strip electrodes'9 was required in order to identify conclusively the primary seizure focus. The initial subject pool consisted of 58 patients from which eight were subsequently deleted because they had pseudoseizures only (N = 5) or disorders other than epilepsy (N = 3). The final sample therefore consisted of 50 subjects. Their demographic and seizure related characteristics are shown in table 1.
Procedures
As part of their evaluation, to all patients complete neu-Hermann, Whitman, Wyler, Richey, Dell ropsychological battery was administered. Included in this battery were two measures designed to assess hypergraphia.
The first measure was a typed open-ended question which read as follows:
We are very interested in learning about how epilepsy affects our patients' lives. Please begin writing below and tell us, in as much detail as you think important, how epilepsy has affected you and the course of your life, both for the better as well as for the worse. Use as many additional sheets as necessary. Everything you write will be held strictly confidential. The patient was given two pieces of paper on which to respond and 24-hours elapsed before the reply was collected. If the patient had written nothing after 24 hours, he or she was given another 24 hours in which to respond. If again nothing was written by the patient, the papers were then taken and the response was counted as a zero. Two dependent measures were derived from the patient's writing sample: (1) the total number of words contained in the response, and (2) the presence or absence of references to the meaning or significance of their seizures; philosophical, ethical or religious themes; and unusual writing styles (calligraphy, use of unusual symbols or drawings). These assessments were conducted by an independent rater blinded to all characteristics of each responder. This was done in a fashion identical to that used previously by the present investigators. 1 
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In addition to this direct measure of writing behaviour the subjects were clinically evaluated regarding their writing behaviour using an interview-based procedure developed by Mungus (personal communication). This is a Research Diagnostic Criteria-like procedure and is shown in table 2. This 3-Writes for consumption of others. Unsolicited and not reimbursed. Clearly considers self expression an important aspect of writing. Self perception of unique thoughts and ideas.
4-Writes occasionally (twice a
week or less) for own consumption (that is, primary motivation is to express self, with limited regard for external consequences). Some pressure to express thoughts and ideas, perception of unique thoughts and ideas. clinical evaluation is chacterised by the use of six probe questions. Based on the patient's reponses, the individual is given a hypergraphia rating which ranges from 0 to 5. For the purposes of this investigation, hypergraphia was defined as a rating of 3, 4, or 5. Conversely, patients were rated as non-hypergraphic if they received a rating of 0, 1, or 2.
Inter-rater reliability for this system is 0 87. A primary aim of the present investigation was to determine the multiaetiological correlates of hypergraphia in patients with epilepsy. Therefore, for each of the two measures of hypergraphia, three sets of predictor variables were examined: (1) neurological variables, (2) psychosocial variables, and (3) demographic variables. Neurological variables included the following: (a) age at onset of the patient's epilepsy; (b) duration of disorder; (c) localisation and lateralisation of seizure onset as revealed by continuous closed circuit TV-EEG monitoring (left temporal lobe, right temporal lobe, bitemporal (multifocal seizure onset), focal non-temporal, generalised); (d) seizure type [partial seizures (simple, complex, and/or secondarily generalised) vs. primary generalised seizures]; and (e) presence vs. absence of multiple seizure types. These variables were determined by a board certified neurosurgeon (ARW) blind to the results of all neuropsychological/behavioural data. Psychosocial variables assessed several aspects of the patients' lives and included the following: (a) To assess aspects of current emotional status the Depression, Hypomania and Schizophrenia scales of the Minnesota Multiphasic Personality Inventory (MMPI) were utilised. These specific scales were used because it had been our clinical experience that writing behaviour seemed to be associated with the patient's mood state/energy level and degree of unusual thinking. (b) The presence/absence of a history of previous psychiatric treatment (in or out patient) was utilised as a general index of previous emotional disorder of a magnitude requiring professional intervention. (c) General psychosocial adjustment to epilepsy was assessed via the Adjustment to Seizures scale derived from the Washington Psychosocial Seizure Inventory (WPSI).20 (d) The number of significant life events which occurred in the past 12 months was assessed via the Life Experiences Survey.21 Life event changes are a significant source of stress and it may be the case that patients undergoing more change and turmoil in their lives (which might be attributable in part to their seizure disorder) would be more apt to manifest hypergraphia. (e) Finally, the degree of social support available to the patients was assessed by the Social Support Questionnaire.22 Social support might serve as a moderator variable, that is, patients with significant social support might be less apt to manifest hypergraphia as support and counsel would be available thereby negating the need to express oneself via writing activity.
Finally, intellectual/demographic factors included: (a) years of formal education; (b) Verbal, Performance and Full Scale IQ scores derived from the Wechsler Adult Intelligence Scale-Revised; (c) sex; and (d) age.
Data analyses
First, simple Pearson correlation coefficients were computed between the neurological, psychosocial and demographic predictor variables and, (a) the number of words written in response to the open ended question, as well as (b) a clinical diagnosis of hypergraphia (defined as a rating of 3, 4, or 5 using the Mungas procedure). Next, a stepwise multiple regression analysis was computed with the number of words contained in the written response as the dependent measure, utilising only those predictor variables that showed a significant (p < 0 05) simple correlation. Finally, a stepwise multiple logistic regression analysis was computed with the interview based determination of hypergraphia serving as the dependent measure, again using only those predictor variables that showed a significant simple correlation. For both regression analyses, all underlying assumptions were verified. Table 3 provides a frequency distribution of the length of the written responses. The mean number of words produced was 318, with a range of 0 to 3891. Eightyfour percent wrote less than 400 words while 6% wrote more than 800 words. These three responses were 1421 words, 1541 words, and 3891 words. Table 4 shows the distribution of the hypergraphia ratings based upon clinical interview. Using this procedure, 30% of the sample was classified as hypergraphic. While the proportion of patients classified as hypergraphic differed between the two methods, there was a significant correlation between the number of words written and a clinical rating of hypergraphia (r = 0 47, p < 0 001). Table 5 presents the simple correlations between the predictor and dependent measures. The number of words produced in response to the stimulus was significantly inversely correlated with age at onset (r = -0 24) and the MMPI Depression Scale (r = -0-32) and directly with the duration of disorder (r = 0-26), MMPI Hypomania scale (r = 0 32), and the number of life events in the past 12 months (r = 0-26).
Results
When hypergraphia was defined by clinical interview it was significantly correlated with the presence of primary generalised epilepsy (r = 0-35), a previous psychiatric history (r = 0 45), increased MMPI Hypomania (r = 0-34) and Schizophrenia (r = 0 27) scales, increased number of life events (r = 0 38), and being female (r = 0 25).
Those variables which showed a significant simple correlation with the dependent measures were entered into a standard regression analysis. For the written responses to the open ended question, two of the variables were identified as making significant independent predictive contributions, the MMPI Hypomania and Depression scales. For the interview based measure of hypergraphia, significant predictors were a history of previous psychiatric treatment and the MMPI Hypomania scale. Hermann, Whitman, Wyler, Richey, Dell Psychosocialfactors Previous psychiatric history 0 02 0 45 (p = < 0-001) MMPI Depression scale -0 32 (p = 0-013) 0-05 MMPI Hypomania scale 032 (p = 0013) 034 (p = 0.010) MMPI Schizophrenia scale -0 03 0 27 (p = 0 035) WPSI Adjustment to Seizures scale -0-03 0-16
Life Experiences Survey 0-26 (p = 0-043) 0 38 (p = 0-005) Social Support Questionnaire -0-02 0-23 Finally, none of the patients manifested an unusual writing style and 10 individuals (20% of sample) produced written responses which contained references to ethical/religious/moral themes, alterations in sexuality, or the meaning/significance of their seizures.
Discussion
We will review three aspects of our data which relate to the frequency of hypergraphia, its correlates, and the relationship of our findings to previous publications. While the literature contains several statements concerning the prevalence of hypergraphia in epilepsy, our findings suggest that estimates of the frequency of hypergraphia will vary markedly as a function of the way in which it is measured. Considering first the patients' written responses, it is important to note that operational definitions of hypergraphia have never been developed. For example, how many words are needed before a response is characterised as hypergraphic? In a previous investigation"8 we found that most written responses fell within a limited range with the exception of a few (7%) strikingly longer responses of at least 1,000 words. In the current study, using a different openended question, the mean length of response (318 words) closely approximated the average response length in our previous investigation (298 words). Further, the current proportion of responses exceeding 1,000 words (6%) was virtually identical to our previous findings (7%). Given the regularity of findings The neurological, psychosocial and demographic correlates of hypergraphia in patients with epilepsy in these two investigations, perhaps it is not unreasonable to suggest that written responses to open-ended questions which exceed 1,000 words are indicative of hypergraphia with a rate of occurrence of approximately 7% in patients with epilepsy. Comparison with other clinical groups is now needed in order to determine the specificity of hypergraphia to epilepsy relative to other CNS and chronic physical disorders.
Using the clinical interview procedure, 30% of the sample was classified as hypergraphic, a four-fold increase compared to the written responses. Part of the increase in the interview procedure was due to its assessment of those behaviours not tapped by the writing sample, for example, poems, songs, essays. One might reasonably argue that only clinical ratings of four and greater, or only five, should be defined as hypergraphic. Again, these conceptual difficulties point to the complexities inherent in measuring and defining hypergraphia. It is noteworthy that while rates of hypergraphia varied substantially as a function of the method of assessment, there was a correlation between the clinical and experimental measures of mild to moderate magnitude (r = 0 47, p < 0001). Again, we think it is important for future investigations to compare patients with epilepsy with other clinical groups in order to specify the nature and degree of relationship between epilepsy and hypergraphia as defined by this clinical procedure. Additionally, future research effects should be devoted to establishing the validity of the clinical interview and writing sample assessment procedures using hypergraphic and non-hypergraphic patients.
In regard to the aetiology of hypergraphia, our results suggest that the complexity of its underlying factors has been misperceived. For the patients' written responses to the stimulus question the age at onset of epilepsy and MMPI Depression scale were inversely correlated with the number of words written, while duration of epilepsy, the MMPI Hypomania Scale and the number of significant life events occurring during the past year were positively associated with response length (table 5). Because of the substantial intercorrelation which existed among these significant predictor variables, they were entered into a stepwise regression analysis in order to identify those factors which were independently associated with writing behaviour. The results indicated that the only significant independent predictors of length of written response were the patients' affective/mood state. That is, MMPI Depression scores were inversely correlated with response length while MMPI Hypomania scores were positively correlated with response length. The other three variables (duration, age at onset, and number of significant life events) did not explain significant additional proportions of the variance in writing behaviour.
For the interview based measure a clinical rating of hypergraphia was associated with primary generalised epilepsy, increased MMPI Schizophrenia and Hypomania scales, a previous psychiatric history requiring professional intervention, increasing life event changes during the past year, and female sex. Again, because of the intercorrelation among the significant predictor variables, they were placed in a stepwise multiple logistic regression analysis. The results revealed that clinically defined hypergraphia was associated with a history of previous psychiatric treatment, and elevated MMPI Hypomania scale scores. The other variables did not explain significant additional proportions of the variance in writing behaviour.
This association of hypergraphia with general emotional/psychiatric status is consistent with previous investigations which have reported a significant association between psychiatric status and the interictal syndrome of behaviour personality change, 12 -15 although the specific contribution of "affective disorder" noted here is a new observation. Particularly interesting is the significant association of an elevated MMPI Hypomania scale with both measures of hypergraphia. This is perhaps the most striking and most consistent finding which was obtained in this investigation. The presence of an elevated mood state apparently serves to energise writing behaviour and the question arises as to what other behaviours are mobilised by this mood state and why high Ma scales should be noted in epilepsy, a disorder which is generally perceived to be more closely associated with dysphoric mood states.23 These questions will need to be addressed in future research efforts.
The role of medication related variables in the aetiology of hypergraphia could not be assessed here because antiepilepsy medications were typically lowered to subtherapeutic levels during the CCTV-EEG monitoring period. It is clear that such factors deserve close scrutiny. 1 2 It has been previously suggested that hypergraphia is associated with a spike focus in the right temporal lobe/limbic system. 16 In our subject pool we found no evidence to support the association of a relationship between hypergraphia and the laterality of the epileptogenic lesion in our patients with CPS of temporal lobe origin. It should be remembered that the majority of our subjects (82%) were monitored with scalp, sphenoidal, nasopharyngeal, and/or subdural strip electrodes until spontaneous seizures occurred. The remaining patients had consistently lateralised foci during interictal EEG evaluations. Hence, laterality of lesion was rigourously defined in this investigation.
It is possible that similar multiaetiological inquiries into other traits which compose the purported interictal behavioural syndrome of TLE will reveal similar aetiological complexities. We hypothesise that any 208 personality/behavioural changes will be the result of a combination of neurological, psychosocial and medication factors as we have suggested elsewhere.23 24 
